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F::ces5es fir Mar.uf3c:u::ng Multi*ayer ias 



This disclosure provides several processes for making 
multi layer " TA= ;t^pe automated rending ? or flexible 

I. SCandai J Ground Plane : Hetal Layer Tlexible Circuit 
? r ores 3 

A pre cess make ground plane flexible circuits in 
which the first rrr.djrti-e layer has fine circuitry 
connected t a second conductive layer which functions as a 
o round clar.e for improvements in electrical properties of 
che circuit" The process is comprised cf the steps of* 
i • 



Sputter ma a pclyimide film with a seed layer of chrome 
and copper. 

Plating a flash roccer layer on said seed layer. 
Lanmatin.j said photoresist on both sides of said plated 

film using standard laminating technique with hot 

r? Hers . 

Z/ifzsir.n saii photoresist on both sides to ultraviolet 
l_ght through a phot mask, cross linking the exprsed 
rcrtions of the resist. 

f evel .c ir.g the unexposed portions of the resist with 
mild caustic solution. Normal rinsing with 0. 1. water 

and :r mic roet rh ir.g is also included in this step. 
Plating rrpcer side cf the laminate to desired circuit 

thickness. This is the first conductive circuitry 

la ver . 

Eicnmg of ocrticr.s of polyimide filx not covered ry 
"said resist by spraying : r immersing the laminate ir.tr- 
a cath :f concent ra tec base. 

Etching cf sa.d cn rente layer by spraying cr immersing 
with potassium permangana re 'potassium, hydroxide 
solution. This et thing exposes certain areas of the 
circuit :r. 1st crpper liver at the octtom of holes m 
cclvi-ide film. 

irr loom z r-f sairl resist on both sices of the laminate 
ir . 2-7* "st lot ion of potassium or soil urn hydroxide. 

T 1 e an i r. j ?. f tne article with normal cleaning sclucicr., 
e.c, hvorccen per oxi ce-sul f uri c acid. 

Eakir.c cf the article m hot oven tr remove all absorbed 
water. 

5outteri.no saic article with ind seed layer of chrome 
and copper tr. p : lyimi de film side. 

"am.inatim sair rh -teres: St cr. enpper side cf the 
art i tie tr crctert 1st r roper layer from further 
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clatins in step 414 using standard laminating technique 

with not rollers. 
14; Plating saic sputtered side copper to. form a second 

conductive layer ground plane in this case* connected 

to 1 5 . layer thrtugh vias. 
15} laminating said photoresist on said 2nd copper side 

using standard lan mating technique with hot rollers. 
16; Exocs'ing said photoresist on both sides to ultraviolet 

light through a phctcmas>:, cross linking the exposed 

portions of the "resist on said 2nd copper side and 

flood expose or. said 1st copper side. 
17) Developing the unexposed portions of Che resist with 

above said developing sequence to open unwanted area in 

said 2nd copper layer. Normal rinsing with D. I. water 

and or microecching is also included in this step. 
13 > Etching of the unwanted area of said copper ground plane 

with said copper etchant. 
19? Etching of chrome under said 2nd layer of copper using 

said etcnant . 

2C> Etching of the polyimide under said unwanted copper area 

us in~ said aika'line based et chant. 
21? Etching of chrome under said polyimide layer vias using 

said etchant. 

22 1 stripping of resists on both sides of the article using 
said stripper. 

22; Etching of said flash copper on lead side to produce 1st 

copper layer circuitry. 
2h) Etching of chrcrr.e ur.cer flash copper m 1st conductive 

layer . 

II. Simplified Plated C-r z cr.d Plane 2 Metal Laver Flexible 
Circuit ? recess: 

The standard crour.d plane I metal layer process can be 
greatly simplified using additive -plating: copper for the 
2nd conductive layer instead of sutcractive leeching) 
copper. The product produced with this process will have the 
2nd copper layer edge inside of the polyimide edge. For many 
applications, " this limitation is acceptable. The process 
ther. would be comprised cf the steps of: 
1- Souttermg a polyimide film with a seed layer cf chrome 
and crpper. 

2) Plating 'a flash topper layer on said seed layer. 

3 ! Larnmai ing said photoresist or. both s-des of said plated 

film usinc standard laminating technique with hot 

rollers. 

4- Expo sine said cfcotrresist on both sides to ultraviolet 
light through "a one t rr.as :-: , cross linking the exposed 
port-sns of tne r-i _ st . 
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5> Develop 1-5 the unexposed! portions of Che resist witn 
mild caustic solution. Mortal rinsing with D. I. water 
anc or raicroetchir.g is also included m this step. 

6) Plating copper side of the laminate to desired circuit 
thickness .* This is the first conductive circuitry 
layer. 

"?i Etching of portions of polyinide film not covered by 
said resist by spraying or immersing the laminate into 
a bath of concentrated base. 

3) Etching of said chrome layer by spraying or immersing 
with potassium oermanganate/pot3Ssium hydroxide 
solution. This etching exposes certain areas of the 
circuit cn 1st copoer layer at the bottom of holes in 
the pclyimide film* and also in the bending window areas 
and others. 

9) Stripping of said resist on both sides of the laminate 
ir. 2-3* solution of potassium or sodium hydroxide. 

10: Cleaning of the article with normal cleaning solution, 
e.g., hvdroger. oeroxide-sulf uric acid. 

11; Ba>mg of the article m hot oven to remove all absorbed 
water 

12' Sputtering said article with 2no seed layer of chrome 

and cocc-er or. pc lyimide film side. 
13:- Laminating said pnotoresist on both sides using standard 

laminating technique with hot rollers. 
14) Exposing said photoresist on both sides to ultraviolet 

light through a onotomask, cross linking the exposed 

portions of the resist or. said 2nd sputtered side and 

flood expose on said 1st copper side. 
13) DeveiODinc the unexposed portions of the resist with 

above "said developing sequence to open area in said 2nd 

sputtered layer for subsequent plating of copper ground 

plane. 

16: Plating of cepper in wanted areas to form said ^nd 
ground clar.e. 

1 7 ! stripping cf resists on both sioes using said stripping 
solution. 

13. Etching of flash zopcer on 1st conductive side and 
sputtered copper on 2nd conductive side using said 
copper et chant. 

13; Stoning of sputtered chrome layer both sides. 

This process neeos only cne pclyimide etching step 
since vi as" and windows were etched simultaneously. 

III. Lew Cost Screened Grcund Plane 2 Metal Layer flexible 



Another o recess is usee make low cost -ground plane 
flexible cirtiii: using this via forming method and 
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conductive T.etal paste l^re^r.acle . Tnis crcces.2 is 
comprised :: the steps or: 
1; Sputtering a poiymide film or. one side with a seed 

layer of chrome and neper . 
2i Plating a flash copper layer on said seed layer. 
3) Laminating saio photoresist or. both sides cf said plat 
film using standard laminating technique with hot 
rc 1 lers . 

4.; Exposing said photoresist cn roth sides tc ultraviolet 

lignc through a phot tinask, cross linking the exposed 

portions of the resist. 
5 ; Developing the unexposed portions of the resist with 

said developing sequence. Normal rinsing with D.I. 

water and or mioroetching is also included in this 

step . 

6 Placing copper side of the laminate to desireo circuit 
thickness. This is the first conductive layer. 

1) Etching of portions of pciyimide f 1 1m not covered by 
said resist by said e tenant. 

5; Etcr.mg of said chrome layer cy said etchant. This 
etching exposes certain areas of the circuit on 1st 
copper layer at the cot ten o : the holes in the 
pc lyinide film, in the bending wir.ocw areas, ana 
others . 

?< Stripping of saiu resist on roth sides of the laminate 

m said stripping solution. 
13) 5c reen conductive metal >. czeper, silver, solder, etc. ) 

paste on ?I side ir.tr vias ana desired area cf 

polymeric film to form a gr:und plane connect ea to 1st 

conductive layer tnrougn viae. 
11 < £a-:ir.g m oven or sinter or refiow ir.etal paste. 
ID Etching of said flash copper on lead side to produce 1 

copper layer circuitry. 
13) Etching cf chrome under f-asn copper m 1st conductive 

layer . 

In this process the flash etching was cone last to 
provide cantilever leads wi oh support during screen print i 
and to clean the copper from the oxidation occurred during 
metal refiow process. 

IV. 1-cucl e lirruit 1 Metal Layer Flexible l.rtuic Process: 

Wnen fine line circuitry is desired zr. cotn metal 
surfaces instead of one sice with a grcur.o ? 1 i r. e , 'he aocv 
process ran ce modified to plate the 2nd fine circuitry. 
This zrcz^ss is compri sec rf the steps or": 

layer o: cr.rcne anc crpper. 
2 Plating 3 flash copper layer on sa^d seed layer. 
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3 Lamma-.ir.g said photoresist on both sides of said plated 
flirt us :n; standard laminating technique with hoc 
rollers. 

A 1 Exposing said photoresist on both sides to ultraviolet 

lisr.t through a photomask, cross linking the exposed 

portions of the resist. 
5> Developing the unexposed portions of the resist with 

said developing sequence. Normal rinsing with 2 . I. 

waoer and or micro-etching is also included in this 

c; Plating copper side cf the laminate to desired circuit 

thickness. This is the first conductive layer. 
? ■ Etching of portions cf polyimide film not covered by 

said resist by said etchant. 
3: Itching cf said chrome layer by said etchant. This 

etching exposes certain areas of the circuit on 1st 

copper layer at the bo t tern of holes in polyimide film, 

in tending window areas, and others. 
9: Stripping of said resist on both sides of the laminate 

in saii stripper. 
I'j Cleaning of :ne article with normal cleaning solution, 

e . a . , hydrogen peroxi de- sul f ur ic acid. 
11; Baking of the article in hot oven to remove all absorbed 

water . 

12: Sputtering said article with conductive layer of metal 
suoh as ohrcme and copper cn polymeric film side. 

13: Laminating said cr.c toresist cn fectn sides using standard 
lamina tina technique with hot rollers. 

1-1 ■ Exposing saio photoresist on both sides to ultraviolet 
light throorr. a pnotomas*:, cross linking the exposed 
portions of the resist on said 2nd sputtered side to 
form 2nd side circuitry and flood expose on said 1st 
copper side. 

15* Developing one unexposed portions of the resist with 

above saii developing sequence. 
1-51 Plating said 2nd sputtered side with copper to form the 

second cirouitry layer connected to the first circuitry 

layer through vias. 
1"T •, stripping cf resists cn both sides of article with said 

stripping solution. 
1 ? i Enohinc of said thin flash copper cn 1st lead side and 

sputtered topper or. 2nd side using said etchant to 

produce cirouitry of both sides. 
19 Etching of chrome under removed copper layers m both 



Again, this process needs only one polyimide etching 
soep sir. oe v i a ~ sr.: windows were etched simultaneously. 
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Plated Ground Plane 



2 Metal layer With Through Holes 



;:rcuit 



; r o c e s 5 



o have through vias 
as as said above, 



In another design it is desiracie 
•sane as on circuit boards) and blind v 
the process can again be modified to accommodate this 
■design. The differences between this process and the said 
ground plane process are: 



d) 



1 : 



Only one poiyimide etch stec is used here. 

Some holes aire milled completely through along with some 

blind vias. , _ 

Second conductive layer is plated u? to desired pattern 

instead of etched down. 

Flash copper on 1st conductive layer is removed first to 
form through holes, not last as in said ground p^.ane 
process . 

This orocess is comprised of the steps of: 
Sputtering a poiyimide film on one side with a seed 
layer of chrome and topper. 

Plating a flash copper layer on sa_d seed layer, 
laminating said photoresist on both sides of said plated 

film using standard laminating technique with hot 

rollers. , . , 

Exocsmg said photoresist on both sides to ultravio.e. 

light through a photomask, cross linking the exposed 

do r t ions of the resist. . 
Developing the unexposed portions of the resist with 

said" developing sequence. formal rinsing with D. I. 

-jacer and or microe tching is also included m this 

stec , 

Plating copper side of the laminate to desired circuit 
thickness.* This is the first conductive layer. 

Etching of portions of poiyimide film not covered by 
said resist by said et chant . 

Stripping of said resist on both sides of tne laminate 
in said stripper. . 
Etching of saic chrome layer by said etchant. Tnis 
eVomna exposes certain areas of the circuit on 1st 
cooper 'layer at the bottom of holes m poiyimide nlm, 
m bonding windows, and other areas, 
itching of said flash copper on said 1st 
;r with said etchant. 



conductive 



- a. 



layer under said laye: 
:he circuit is now 



of 



Itching of" sputtereo chrome 
coocer using said etchant. 

^.-•mpleteiy defined in 1st copper layer with througn 
hcles surrounded by copper rings. The etching of 
oolyimide film was controlled so that portions o: said 
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ccpper rings are visible and ccnneccable f ram polyimide 
side • 

1 2 ' Cleaning of the article wi:.i normal cleaning solution, 

e.g., hydrogen peroxide-s ulfunc acid. 
13; Baking of the article in hoc even to remove all absorbed 

water . 

14) Sputtering said article with conductive layer or metal 

such as chrome and copper on polymeric film side. 
15 i Laminating said photoresist on both sides using standard 

laminating technique with hot rollers. 
16i Exposing said photoresist on both sides to ultraviolet 

light through a photomask, cross linking the exposed 

portions of the resist on said 2nd sputtered side to 

form 2nd side circuitry. 
17) Developing the unexposed portions of the resist with 

acove said developing sequence. 
13) Plating said 2nd sputtered side with copper to form the 

2nd ground plane connected to the first circuitry layer 

through vias. 

19) Stripping of resists on both sides of article with said 
stripping solution. 

20) £ toning of said sputtered ccpper layer on said 2nd 
copper side to produce circuitry using said etchant. 

21) Etching of chrome under sputtered copper layer m 2nd 
side . 

VI. 3 Metal Layer Flexible Circuit Process: 

The 2 metal layer flexible circuit process mentioned 
above can be extended further to get a 3 metal layer 
circuit. The third layer of metal is sometime necessary to 
enhance and optimize electrical performance. The third 
ccpper layer was formed by coating a layer on pclyinide or. 
the first layer of circuitry, then sputtering and plating of 
copper on coated pel yimide . The process is comprised of the 
steps of: 

1) Sputtering a seed layer of chrome and copper on one side 
of polyimide. 

2) Plating a flasn copper layer on said seed layer. 
3: Laminating said resist en coth sides. 

-i • Exposing both sides tc L*.V. light through photomasks. 
3< Developing both siies with sa.J developing sequer.ee. 
5. Flating copper to cesired thickness to form circuitry. 
7 i Etching of eclyimice in unexposed areas to make holes. 

3) Stripping of resists on both sides using said stripper. 
9? Etching of sputtered chrome m bottom of etched holes. 

1j» 3a king of part in even to remove all absorbed water. 
11' Sputtering another seed layer cf chrome and copper on 
the other side cf col Yimide. 
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12' Placing of ccpper :r. recently sputtered surface tc form 

ground plane. 

13« Laminate said resist or. ground plane side. 

14 j etching of flash ar.d sputtered copper on lead side. 

IS, Itching of chrome cr. lead side. 

Icj Plating of clack :r.r :ne on lead side 

17 t stripping zt said resist. 

13; 3a king of part in oven to remove water. 



.3; Coat; 



ma cry mo. 



liquid polyimide on said lead 



side . 

20) 3ak:ng of part to imidioe coated polyimide. 
21; Laminating of resist on said coated polyiraide. 
22) Exposing of hole pattern or. said resist. 
2 2 i Developing hole pattern. 

itching of hole pattern in coated pclyimide. 



241 



:) Stripping 



saia resist on top of coated poiyimide. 



:terned, coated 



26) Baking of part to remove water. 
2") Sputtering" the third seed layer on p. 
pclyiT4ide . 

2- 3: Plating of the third copper layer on saii seed Layer. 
22-' Lanmating of resists on both sices of the laminate. 
32; Exposing of patterns on both side. 

II- Developing of resists on both sides. 

32. Etching of the two copper layers or. the outside of the 
1 art. ir. ate . 

33: Etching of the two sputtered on rone layers. 
24 1 Etching of original pclyimide film and coated poiyimide 
simultaneous! y . 

3- Stripping of resists on both sides zt tne laminate. 

In the two copper plating steps, step nl2, and 23, tne 
copper surface on the other side each case must be protected 
from also plating by masking or protecting with mechanical 
means, tape, or photoresist itself. This process is lengthy 
and more suitable for sheet or rigid form than roll to roil 
form. Lengthy process like the above is however common in 
semiconductor industry for forming multilayer circuitry. 



V I : . Processes for very fine line, molti -metal layer 
ci rcui ts 



This process is necessary i: thr z ugh-hol e vias are 
required m concert with olmd vias m a fine line muit:.- 
metol flex circuit construction witn oanti levered leads. in 
tnis case, the width of the cant i levered leads m the inner 
lead r e g - : r. of the circuit are so narrow that tne trauma 
from crccess.ng using some the previously iesmeei methods 
rauses carnage t : tne leads, me follcwir.5 prccess prevents 

Le^J Jams s *e because it a 1 1 1 s the tnr : u z'r.-r.o 1 e vias 



BNSDOCID: <XP 518622A_I_> 




2244 Research Disclosure 

(1995) May, No. 373, Emsworth, GB 




te fcrned curina the first flash etching step while 
creservmg the flasr. copper layer in Che ir.r.er lead region 
un::l the final steps in the process. The process is 
comprised ~,f Che following soeps: 

1 Sp'j^.erir.a a seed layer cf cr.rcme and rcpper on one side 
of coivix.ide. 

2: Placing a flash topper layer cn said seed .aver. 
3) Laminating said resist on coon sides. 

4! Exposing born sides to U.V. light through photomasks. 
z) Developing both sides with said developing sequence. 
6; Plating roprer to desired thickness to form circuitry. 
7; Etching of polyixide in unexposed areas to make holes. 
3; Stripping of resists cn torn sides using said stripper. 
?! Etching cf sputtered chrome m bottom of etched ho_es. 
1 0 ) Laminating said resist on both sides. 
11 -Exposing one side '.the ground plane side or less 

complex circuit side) with a pattern such chat the 

regions of the circuit containing the through-holes. 

Flood exposing the opposite side of the circuit. 
12 - developing the unexposed portions of the resist with said 

developing sequence. 
13i Etching the flash copper layer in the regions cf the 

circuit not protected with photoresist with said et chant. 

1- 1 ■ Cleaning of 'the artiole with normal cleaning solution, 

e.g., hydro a en cer oxide- sul f uric acid. 
lrjBakir.o cf the article in not oven to remove all 3rscrbed 
wacer . 

lc- Sputtering said article with conductive layer of cecal 
such as sr. rone and orpper on polymer.! film side. 

1"? lamina: said phctoresist or. both sides using standarc 
laminar mg technique wich hot rollers. 

13' Exocsir.j said pnotoresist on both sues to ultraviolet 
iicht oorouch a cr.o t omask, cross linking the exposed 
portions of the resist or. said 2nd sputtered sice to form 
2nd r.".- 3 circuicry. 

1?- developing the joexposed portions of tne resist with 
=».oove said developing sequence. 

20 Plating said 2nd scattered sice with cspper to form tne 
2nc ?r:und plane tor.necteJ to the first oirouitry layer 
thrsurh vias. 

21 > Stripping of resists on both sides of article with said 
stripe.::; solution. 

2 2 Etch in? of said sputtered copper layer on said 2nd copper 

oioe to" produce oirruicry using said e tenant . 
22'Etohir.^ cf snr:me ur.oer sputtered topper layer m 2nd 

2- 1. side. 

2- io. tlisei .-ctor.ymcj = ly 
37206 
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